Abstract
Introduction
Microorganisms particularly fungi are responsible for the outstanding breakthroughs in medicine and agriculture, including the threat it imposes on food security and food safety and yet very little is known about the need to conserve microbial diversity (Doyle et al., 2005; Colwell 1997 ). Mycology for most people is unheard of unless one mentions the word "mushroom" or "fungi" and more often than not the study of fungi is considered under botany because they are classified as lower plants. Mycology is first encountered in basic biology courses but very few students would be interested to pursue this study as a major in college and as a career in life. The reasons are varied and mostly stem from ones interest in other fields in biology whose organisms are more visible and that can be easily appreciated for its beauty like the animals and plants (Moore et al. 2008; Minter, 2011) . Emphasis has focused on the importance of conservation of these life forms, but conservation of fungi is lagging behind due to lack of appreciation of the role of fungi in the environment by other biologists and conservationists. After all, threats to the survival of fungi such as climate change, loss of habitat and pollution are the same for the rest of living organisms. For each plant that gets extinct, a fungal species associated with it also disappears (Strobel, 2002) .
In general, mankind benefits from fungi more than it suffers. Although some fungi are also major threats to food security, humanity has been beneficiary of the products derived from them including breakthroughs in modern medicine and the vital role they play in cycling of carbon and nutrients in the ecosystem, yet little do we know about conserving thousands of these fungal species (Hawkworth, 1991) . It is estimated that there are 1.5 million species of fungi but only 10% of these have been discovered (Hawksworth, 2001 ). This estimate is rather conservative as there could be 5.1 million of fungal species based on highthoroughput sequencing methods according to Blackwell (2011) . Despite of declining research support, proper education and training of the next generation of specialists in the field of mycology is crucial if we want to ensure the viability and continuity of this neglected discipline. It is important to tell anyone regardless of age, background or occupation the nuts and bolts of mycology. The discipline of mycology should be a "megascience" (Hawksworth, 2009) . In this chapter, the historical development of mycology as a science and the output of my research team in light of the importance of fungal diversity on food security in the Philippines are discussed.
The genesis and development of Philippine mycology
Mycological expeditions in the Philippines have been documented as early as 1820 (Graff, 1916 ) but teaching and research on fungi formally began during the American colonial occupation through the founding of the University of the Philippines College of Agriculture in Los Baños, Laguna (Teodoro, 1937) . During the Spanish period, there had been also reports of fungal collection mostly conducted by European and American mycologists (Teodoro, 1937) . Graff in 1916 compiled a bibliography and new species of Philippine fungi from 1820 to 1915 comprising hundreds of newly described and first reports of fungal species. The most comprehensive fungal record in the Philippines was the classic book entitled, "An Enumeration of Philippine Fungi published" in 1937 by Dr. Nicanor G. Teodoro, a noted Filipino pioneer plant pathologist. For further readings on the growth and development of Philippine mycology, the reader is referred to the paper review of Tadiosa (2012) . In this review, the author stated that the fungal diversity in the Philippines is estimated at 3956 species and 818 genera.
A Philippine society solely devoted on fungi -Mycological Society of the Philippines (MSP) was organized on October 19, 1998 . At the University of the Philippines Visayas in Iloilo, Dr. Tricita H. Quimio, professor of mycology at the University of the Philippines Los Baños (UPLB) was appointed chairman of the organizing committee by a small group of mycologists attending a conference on tropical microbial diversity. She was then the Philippine representative to the International Mycological Association Committee for Asia (IMACA). The first scientific meeting was held on April 8, 1999 
Case study 1: Biological control of fungal plant pathogens
Our work on biocontrol started with Trichoderma as a means to manage sheath blight of rice caused by Rhizoctonia solani (Cumagun and Lapis, 1993; Cumagun and Ilag 1993a and 1993b ). Our group is also the first to molecularly characterize Philippine Trichoderma strains (Cumagun et al. 2000) . T. harzianum has been found to be the dominant strain in rice and rice based cropping systems whereas T. viride is present occasionally. The latter species has been found to possess a coconut smell indicative of volatile organic compounds that are inhibitory to many fungal pathogens (Cumagun et al. 2000) . Of the many Trichoderma strains that have been isolated and screened for biocontrol of plant diseases in the Philippines, only a single strain has reached product commercialization (Cumagun, 2012) .
We also evaluated another fungus Paecilomyces lilacinus strain UP1 as biological control agent of the root knot nematode Meloidogyne incognita attacking tomato under screenhouse condition (Oclarit and Cumagun, 2009) . Meloidogyne infects numerous hosts in agriculture and has a worldwide distribution. P. lilacinus was formulated on rice substrate in powder form. Root weight, gall index rating, number of galls, egg masses and nematodes per one gram root sample were determined and percent reduction in gall number was computed. Root weight and gall index ratings were significantly higher in untreated plants than those with P. lilacinus and with the commercial fungicide Nemacur. Number of galls, nematodes and egg masses per one gram root sample were significantly reduced by the application of P. lilacinus at all levels and this was comparable with Nemacur. However, egg mass count in plants treated with the lowest concentration of the biocontrol agent was not significantly different from the noninoculated control. Percent reduction in gall number was the highest at treatment with 7.92 x 10 6 spores per ml of P. lilacinus (Table 1) . For a thorough review of biocontrol of plant nematodes, the reader is referred to Cumagun and Moosavchap (2015) . We reported that the genus Edenia, an endophytic fungus isolated in Mexico, is shown to belong to class hypomycete, order pleosporales forming a pyronellea-like synanamorph in culture (Crous et al., 2010) . Our strain infecting candlebush (Cassia alata) was isolated from the Philippines. Edenia has been reported to possess allelochemical (Macias-Rubalcava et al. 2008 ) and antiparasitic and anticancer activities (Martinez-Luis et al. 2011). Our local isolate may well serve as potential biocontrol agent against the devastating Fusarium wilt in banana affecting the country's export industry.
The Philippines is one of the tropical megabiodiversity regions of the world (Australia State of the Environment Report, 2010). It is a hotbed for plant diseases but at the same time its rainforests are rich sources of wonder drugs and antibiotics beneficial for agriculture, medicine and commerce. In light of deforestation, the beneficial microbes are being destroyed and perhaps lost forever. To study fungal endophytes that harbor plants in the tropical rainforests is an exciting field of study especially when one engages in addressing the problem of unsustainable use of fungicides in Philippine banana export industry to control two devastating fungal diseases: Panama wilt (Fusarium oxysporum f sp. cubense or Foc) and Sigatoka leaf disease (Mycosphaerella spp.). Tropical race 4 of Foc is spreading in many areas in Mindanao island (Molina et al., 2011) . Aerial spraying is used for Sigatoka with an average of 40 times per season causing fungicide resistance and reaching mostly non-target communities up to 3.2 km according to US Environmental Protection Agency. The Philippine Department of Health opposed the practice of aerial spraying claiming that it poses health problems to around 200,000 people who live in four provinces. Muscodor, an endophytic fungus obtained from tropical rainforests, produces a mixture of volatile organic compounds, which effectively inhibit and kill a wide range of pathogens . Muscodor is safe to humans and wildlife and thus can be applied by aerial spraying as a viable alternative to fungicides and the banned soil fumigant -methyl bromide. This technology is expected to ensure food security and safety, promote biodiversity conservation, protect the health of the citizens and the environment, and provide sustainable pest management solutions (Figure 1 ).
Figure 1. Benefits derived from Muscodor technology
A list of commercialized fungal based products developed by National Institute of Microbiology and Biotechnology (BIOTECH) at UPLB is shown in Table 2 whereas Table 3 shows the repositories of fungal cultures and specimens in the Philippines. All microbial collections in Table 2 
University of Santo Tomas Collection of Microbial Strains (USTCMS)
The USTCMS offers a unique collection of indigenous, clinical and biotechnological microbial strains such filamentous fungi and yeasts of terrestrial and marine origin, microalgae and Streptomyces along with bacteria.
Case study 3. Breeding for resistance and population genetic structure: cereal blast and sheath blight pathogen
Magnaporthe is considered to be the world's most important pathogen of cereals and a causal agent of blast disease of approximately 100 grass species. These isolates are divided into host-specific subgroups such as Oryza isolates pathogenic to rice, Setaria isolates pathogenic to foxtail millet, Setaria isolates pathogenic on Setaria spp. including foxtail millet (S. italica), Eleusine isolates pathogenic on Eleusine spp. including finger millet (E. coracana)), etc. (Kato et al., 2000) . In the 1980s in Brazil, blast disease was reported for the first time in wheat, the most widely cultivated crop in the world. Its causal agent proved to be a new subgroup (Triticum isolates) of M. oryzae which had spread to other countries in South America and became a major threat to wheat production. North America is currently under alert regarding the spread of this disease. Conquest of the blast disease in rice alone will be enough to feed 60 million people yearly. Fungicides by foliar and seed treatment provides insufficient control of the disease, thus development of resistant cultivars remains to be an effective, economical and environmentally friendly way to manage the disease. An isolate from oat in the Kobe University collection was isolated in 1980s in Brazil. An infection assay revealed that this isolate (Avena isolate) was an Avena-specific strain. Although this strain has not yet caused a serious epidemic of oat blast, there is a possibility that the next blast outbreak may occur on oat in South America. To develop a strategy to combat against oat blast, genetic analyses of its avirulence/virulence and identification of resistance genes are needed. In the present study, we mapped PWT3 by molecular approach and demonstrated that it is an avirulence gene under the control of gene-for-gene interactions by successfully identifying its corresponding resistance gene RmgTd(t) in wheat and barley cultivars which we mapped on chromosome 7b (Cumagun et al., 2014; see Figure 2 ).
To keep abreast of the current genetic diversity of the populations of Magnaporthe oryzae, the rice blast disease pathogen, we characterized the genetic diversity of 453 monoconidial isolates recently collected from different geographic areas in the Philippines in experimental plots and in farmer fields (Lopez et al., 2013) . With 13 microsatellite markers, a total of 93 new genotypes were determined when compared to the reference isolates representing the genotypes previously published. Analysis revealed a weak geographic structuring of pathogen genotypes, with some of those collected from Luzon clustering with those from Visayas or Mindanao. Nevertheless, none of the strains from Mindanao clustered with those from the Visayas or vice versa. Significant differences were noted on isolates collected from distinct agroecosystems and isolates collected from the upland tended to be more diverse when compared to isolates from lowland. This structure likely results from limited natural migration and from some events of long distance migration, probably through the transport of infected seeds. A subset of 30 isolates representative of the genotypic diversity were tested for fertility status. Of these, eight induced the production of perithecia, of which six also were only male-fertile and two were also female-fertile. These fertile isolates were mostly found in the upland agroecosystem. In addition, the same isolates and 23 additional isolates were subjected to PCR test for mating type. MAT1.1 isolates represented 36% of our sample whereas it represented only 5% in the collection of reference strains. This result confirms that this new sampling improves our knowledge of the blast population in the Philippines. Pathogenicity test of a subset of 24 isolates inoculated to 16 differential rice varieties demonstrated that most isolates were avirulent to varieties C101Lac and C104Lac which carry the Pi1 resistance gene ( Table 4 ). The very popular Pi33 gene, integrated into the varieties IR 64, Bala, and IR1529 also conferred resistance to most of the isolates. In addition to Pi1 and Pi33, other possible candidate resistance gene for plant breeding effort to manage the rice blast disease in the Philippines are Pi9, Pikm, and the combination of Piz and Pish (Lopez et al, 2015 , unpublished results). The rice sheath blight disease, caused by the fungal pathogen Rhizoctonia solani AG1-IA is one of the most economically important diseases worldwide. Our group conducted a study to determine the genetic structure and reproductive mode of 18 rice-infecting populations from China, Japan and the Philippines. This study is important because no population genetic data of R. solani has been reported among three of the most important rice production countries in Asia. A total of 423 unique multilocus genotypes were found among 717 fungal isolates genotyped using nine microsatellite loci. The populations of R. solani AG1-IA from the three countries exhibited a mixed reproductive mode consisting of sexual recombination and clonal reproduction. However, a moderate to high clonal fraction (0.38-0.51) indicated that asexual reproduction by sclerotia represent an important source of inoculum in field populations. The current levels of population subdivision varied among and within countries. While Фst values in some populations from China (Фst = 0.11-0.36; P ≤ 0.05) and almost all populations from the Philippines (Фst = 0.5-0.6; P ≤ 0.05) indicated a moderate level of subdivision among populations while no significant subdivisions in all populations in Japan were found. There was evidence of isolation by distance with a genetic distance R ST (R 2 = 0.45; P ≤ 0.001). Migration rate from Japan to China was the highest while migrants from the Philippines to China and Japan were rather small. Migration rate supports the number of immigrant genotypes detected across populations (Cumagun et al 2015, unpublished results; see Figure 3 ). 
Case study 4. Fusarium diseases and mycotoxins
Panama wilt, caused by Fusarium oxysporum f. sp. cubense (Foc) is considered one of the most devastating banana diseases in recorded history. The disease is threatening the banana industry due to Tropical Race 4 (TR4) infecting Cavendish cultivar. Using racespecific primers, FocTr4-F/FocTr4-R and Foc-1/Foc-2, the absence of TR4 in Luzon has been confirmed, however, the occurrence of subtropical race 4 (ST4) has been reported, which should also be taken in to consideration as the latter can also cause severe damage under favorable condition. Overall, high genetic variability was recorded in Foc Philippine population using M13, ERIC and REP primers, which might render host resistance vulnerable. This is the first study on genetic diversity of Foc in the Philippines. (AguilarHawod, 2014). Recently, Solpot (2015) found that out of 75 Foc isolates collected from South Central Mindanao, 25 were confirmed as TR4 from Lakatan (12), Cavendish (11) and Latundan (2) .
Fusarium verticillioides is a major pathogen of corn worldwide and is the most frequently reported Fusarium species in corn causing seedling, stalk, and ear rots. The fungus is also common in farm and storage samples, reduce kernel quality and nutritional value and is a potential threat to human and animal health as a result of a mycotoxin called fumonisins that it produces. Pre-and post-harvest grain losses could ranged from 30 to 80% reduction. Our group evaluated Fusarium contamination and mycotoxin production in maize seeds in the main island of Luzon, Philippines. Fusarium species producing toxins are always associated with cereals from warm tropical countries. This work suggests that mycotoxins pose a serious food problem in the Philippines but that there has been extremely lack of research. For example, the FAO website for the Philippines data relate only to two corn fumonisins (FB-1, FB-2) which were found in >50% maize samples (D'Mello and Macdonald, 1998; Placinta, D'Mello and MacDonald, 1999). High diversity in the population of F. verticillioides exists in Philippine corn fields and that almost all the isolates tested were fumonisin producers using molecular tools (Magculia and Cumagun, 2011) . Similarly, high variation in aggressiveness was found in the population, suggesting the ability of the fungus to evolve in response to chemicals and resistant cultivars . The project provided important information relevant to human or animal consumption of corn and generated useful results such as the report on the high fumonisin ability of the isolates from the Northern part of Luzon which is a considered a major corn growing area in the Philippines ). Improved farming and post handling storage and processing practices for grains should be a priority concern so that post harvest grain losses and the risk of mycotoxin contamination could be significantly reduced.
Conclusion and future outlook
In 1998, International Congress of Plant Pathology President David Ingram gave a thought provoking paper on why there is a need to conserve biodiversity not only of beneficial microbes but plant pathogens as well. The reasons are: 1) they serve a role in revealing genetic diversity in potential breeding material and provide vital screens for the development of new cultivars, 2) they are the raw material for much of the basic scientific research on life cycles and genetics that generate an understanding of pathogen variation, evolution and population dynamics, and 3) they constitute a potentially significant biotechnological resource of particular importance to the genetic engineer (Ingram, 1998) .
Research on fungal diversity in the Philippines is limited as there is a lack of trained personnel in the field of mycology. Hence, there is a need to train the next generation of mycologists who will promote the viability of this neglected field of biological sciences. My research on the four areas I have presented in this paper provides an overview on how several possibilities a person with training on fungi can do to safeguard food security and promote diversity and conservation for a sustainable and healthy planet.
